The article presents the methodology and results of tests of a prototype controller designed for the electrohydraulic control system of a powered roof support. This controller is the basic part of the developed, innovative control system. The tests were carried out on a custom-designed testing station, equipped with one section of a roof support. The aim of the research was to check the functionality and speed of the controller's response while working with the actual support section. The tested controller and the control system has a modular structure, which greatly facilitates its operation and use. Measurements of control functions were carried out on the controller connected to the electrohydraulic control block. The research mainly focused on determining the period starting from the moment of providing the signal to the moment of switching on the basic functions performed by the support section. The obtained results confirm the assumptions made. The controller's operation is very stable, and its response times are very short. It can therefore be assumed that the tested controller is correctly designed and constructed. This creates great possibilities for its practical application in the built-in system for controlling the roof support. This may be particularly important in the case of high-efficiency longwall complexes, for which wireless control of the support is planned to be used. The presented research methodology and obtained results should therefore be an important source of information in the field of testing controllers for powered roof supports.
INTRODUCTION
One of the biggest challenges facing the mining industry is the development, construction and implementation of a maintenance-free longwall system. Such a complex must be characterized by a high degree of automation and having an intelligent control system. Such a solution must ensure adequate efficiency, reliability and durability as well as safety for employees conducting technological operations. Practice shows that it will be virtually impossible to completely eliminate complex services in Polish conditions. However, reducing its number and moving certain activities beyond the exploitation wall might be possible. The introduction of such solutions is necessary due to the deteriorating working conditions in the mines, which results from the growing efficiency and exploitation of deposits lying in increasingly worse mining and geological conditions. The introduction of at least a partial limitation of employees' access to the most dangerous zones should improve the comfort and safety of work in mines. Such possibilities are created by properly constructed, made and controlled powered complexes. Their use can enable automation and maintenance-free implementation of many hazardous operations. It is connected with the fact that in the coming years, the Polish economy, especially in the energy area, will continue to be based on fossil fuels. Despite the decline in the share of coal in the energy balance, this fuel is still the key for the energy sector, stabilizing Poland's energy security and having a positive impact on the energy security of the European Union. That is why it is necessary to conduct research to develop elements that can potentially be used in new innovative powered systems. The Authors of the paper have carried out the research aimed at testing the design and construction of a new system which task is to control the powered roof support. This controller is to constitute the basic element of the new electrohydraulic control system. Effective and reliable solutions in this field are currently the most desirable products on the mining support market. Construction of this type of equipment for mining must meet a series of strict requirements which do not apply to any other systems operating in other industries. This is the result of difficult environmental conditions in which mining operations are carried out. In particular, this applies to various types of hazards occurring in mining excavations. For the control system and the entire roof support, the most threatening events are rock bursts (Szurgacz and Brodny 2018a) , fire Tutak and Brodny, 2018; Tutak and Brodny, 2017b) and methane explosion Tutak, 2016, Felka and . This causes that the control systems and their individual elements must be of adequate quality and reliability. This, in turn, affects the costs of their implementation and operation. Especially now, when there is huge competition on the energy market, the economic aspect is of great importance to the mining industry []. When designing control systems, it is therefore necessary to take into account many different factors (Tutak, 2017; . The controller presented in the article was subjected to tests to check its effectiveness and functionality. The article discusses the methodology of the conducted research and presents a number of test results were performed for this controller. Its operation was connected with the entire control system, which was also indirectly verified during the research. The obtained results confirm the assumptions made. The controller together with the entire system worked without interruption, and the response times were very satisfactory. This creates the possibility to conduct tests in underground conditions and a wide application of the developed element. According to the Authors, the developed controller can be widely used in automated control systems for powered rood supports, which should speed up the work and implementation of this very innovative and largely intelligent solution to practice.
METHODOLOGY OF RESEARCH
The prototype controller for the powered roof support was custom-designed for the research on an innovative electrohydraulic control system. The controller consists of three circuits connected by double-row connectors. The user interface board includes a capacitive keyboard circuit and an LED signalling circuit. The capacitive keyboard consists of a controller for which 19 tactile buttons are connected in a matrix system. The keyboard buttons are arranged in two rows. Each of the buttons, due to the type of function being performed, are assigned two or four LED signalling diodes. In addition, two tow-coloured RG LEDs are located on the side edges of the board, signalling correct communication with external devices connected to the controller. The controller's construction is adapted for free mounting in the section of a powered roof support. The main view of the controller is to control the support section in the process of operation. This is due to the fact that each section during work performs specific cycles that consist of several phases. The task of each section is quick and trouble-free execution of specific and assigned functions. All functions of the powered roof support are realized by means of hydraulic cylinders. Each hydraulic actuator is controlled by an associated system consisting usually of an electrohydraulic system connected to the controller. The view of the developed prototype driver is shown in Figure 1 . The individual control functions that the support section must perform are marked as follows: 1 -sliding out the section; 2 -sliding down the section; 3 -sliding down the support's actuator; 4 -sliding down the angles strut actuator; 5 -moving the sections; 6 -moving the conveyor; 7 -sliding out the floor base correction actuator; 8 -sliding down the float correction actuator; 9 -sliding out of the side support actuator; 10 -sliding down the side support actuator; 11 -sliding out the side base correction actuator; 12 -sliding out the side base correction actuator; 13 -opening the staff crossing cover; 14 -closing the staff crossing cover; 15 -opening the face wall cover; 16 -closing the face wall cover. 
RESULTS
In the case studied, the prototype driver is mounted on the section from which the neighbouring section is controlled. For this reason, electrohydraulic control is included in the pilot control (adjacent). The block with solenoid valves was located in a place easily accessible during tests as well as during operation. The basic criterion determining the use of a pilot control unit for a specific type of longwall is the number of control functions in the support section. The number of functions must coincide with the number of hydraulic actuators. The manifold block has been mounted on the controlled section and can be located anywhere so that it does not hinder research. The electrohydraulic control unit consists of two separate blocks which are block of control dividers equipped with a controller and a block of executive distributors. They are connected with each other by a multi-channel cable, which is a carrier of control impulses. A prototype driver was also made for testing of an innovative system of electorhydraulic control of powered roof support. A special testing station equipped with a prototype ZRP-15/35-POz section was prepared for testing. The station is shown in Figure 2 . The aim of the research was to determine the time of implementation of selected section functions that are implemented in the actual working conditions of the powered roof support. This concerned expanding and withdrawing sections (sliding down/out hydraulic legs, located between the floor bases and the canopies).
Fig. 2. Research stand for an innovative controller of the powered roof support
The measurements included determining the time of switching the power supply on with the PWM signal and supplying the full signal to the basic functions performed by the longwall support. The measuring system developed along with the methodology was used to carry out the tests. As a result of the tests, a number of results were obtained, which are presented in the following charts and tables. The results were grouped depending on the control function of the section. In general, the research was mainly focused was on the presentation of the measurement results of the power-up times and the determination of the delay time for the full and PWM signal. Figure 3 shows the waveforms of switch-on and power-off times for the PWM and full signal for the sliding down function performed depending on the different power source. Table 1 presents the results. The following drawings (Fig. 4, 5, 6 , 7) and tables ( Table 2 , 3, 4, 5) present the results of tests for other functions of the powered roof support section. On the basis of the conducted tests, it can be stated that the lower the valve supply voltage, the longer the switching on time, whereas the lower the valve supply voltage, the shorter the delay time. Delay times for PWM signal and full power supply are comparable. An extremely important advantage of electrohydraulic control is the possibility of applying distributors with various nominal sizes. This allows to adjust the size of the distributors to the absorbency of the chambers of a given actuator, and thus to shorten the time of its overdriving. This is important in the case of sections equipped with large diameter legs. When using an innovative electrohydraulic control is it crucial to remembered that each control system must be made individually. It is therefore necessary to take into account both the design of the section, the number and size of hydraulic actuators and the control functions resulting from the suggestions of the future control user and the mining and geological conditions prevailing on the given mining wall.
CONCLUSION
The research presented in this work is one of the first ones on such an advanced control system in Poland. The developed design and the results obtained indicate large development opportunities in this area. What is more, the market of powered complexes shows a great interest in this type of solutions. Obtained results unambiguously indicate that the developed controller has very good working parameters. Response times are very low which ensures fast and reliable execution of tasks that the support has to perform. The modular construction of the control and executive blocks and the ergonomic control system mean that the entire system is very employee friendly. At the same time, it enables the implementation of virtually unlimited number of control functions. Its modular structure and versatility are its additional advantages.
A very important advantage of the developed system and the controller itself is that it can work without major modifications with other systems, including systems that record the machine operation parameters of the entire complex Brodny et al., 2017a; Brodny et al., 2017b) and with information platforms (Stecuła et al., 2017a; Stecuła et al., 2017b) , enabling full visualization, monitoring and more advanced analyses of the entire system. This is particularly important for the entire company management system as well as control and supervision over the operation carried out. It also enables quick response to observed irregularities. In this respect, ergonomic elements and ease of use of the system for employees were also taken into account. The research conducted in the mines proves that one of the most serious problems for the staff is the complexity of systems that must be operated by employees and the lack or low level of training in this area (Palka et al., 2017a; Palka et al., 2017b) . The constructors try to take into account and eliminate or limit the negative impact all the factors and possible problems. It should also be emphasized that the presented solution fits very well into the idea of an intelligent mine and industry 4.0. There is, therefore, a good chance to put it into practice. This in turn should improve and facilitate the entire mining operation process and improve its economic efficiency.
